Introduction
============

Endovascular therapy (EVT) is widely used for the treatment of symptomatic lower extremity ischemia due to technological advances and is now commonly recommended in the latest guidelines^[@bib1]--[@bib3])^. Although EVT is an effective therapeutic option for femoropopliteal (FP) lesions, traditional percutaneous transluminal angioplasty has reportedly demonstrated uniformly poor results as the primary treatment for FP lesions^[@bib4]--[@bib7])^, whereas the patency rate of the FP artery has reportedly improved through the use of self-expanding nitinol stents^[@bib8]--[@bib10])^.

The Innova™ self-expanding nitinol stent (Boston Scientific, Marlborough, MA, USA) has been available for the treatment of FP lesions since February 2016 in Japan. The SuperNOVA study, the first human trial of the Innova™ self-expanding nitinol stent, demonstrated acceptable clinical outcomes in the treatment of FP lesions^[@bib11])^. However, the disease severity of the trial population seemed less severe than that of the real-world population observed in clinical practice. To date, clinical outcomes following Innova™ implantation for the treatment of FP lesions, including challenging cases, remain to be systematically studied in real-world settings. Therefore, we examined the one-year clinical outcomes following Innova™ implantation for the treatment of FP lesions in patients with peripheral arterial disease (PAD) in real-world settings.

Methods
=======

Study Population
----------------

We analyzed a total of 481 lesions in 453 consecutive patients implanted with Innova™ stents for the treatment of FP artery stenosis or occlusion from February 2016 to April 2017 at 30 centers in Japan. One-year clinical outcomes, including one-year restenosis, were routinely checked in the clinics at the participating centers. Patients with symptomatic PAD were screened by noninvasive tests to detect limb ischemia and the presence of FP lesions. All patients had symptomatic FP lesions (Rutherford 1--6) despite exercise therapy and appropriate medications. The anatomical inclusion criteria were stenosis of ≥ 50% or occlusion of the FP artery as determined by angiography. The study was performed in accordance with the Declaration of Helsinki and was approved by the ethics committee of each center that registered patients. In accordance with the Ethical Guidelines for Medical and Health Research Involving Human Subjects in Japan, the current study, performed with the secondary use of data from medical records, was considered exempt from informed consent. The relevant information regarding the study was, instead, open to the public.

Endovascular Therapy
--------------------

The decision of Innova™ implantation was left to the discretion of physicians. All procedures were performed under local anesthesia. For EVT, a 6-F sheath was inserted into the femoral artery mostly with an ipsilateral or contralateral approach. After a 5,000 U heparin infusion, 0.035- or 0.014-inch guidewires were used to cross the lesions. The lesions were expanded using an optimal balloon according to angiographic examination of the reference vessel. Prior to stent implantation, the guidewire was replaced with a 0.035-inch guidewire that was compatible with the stent delivery system. Regarding the stenting strategy, spot stenting or full covered stenting were chosen by the operators\' discretion. Although the entire lesion length was covered in the full covered stenting group, the entire lesion length was not covered with stents and stents were implanted only in the lesions that acute results after balloon dilation were insufficient due to residual stenosis or dissectionin the spot stenting group. The stent size was chosen to be 1 or 2 mm larger than the reference vessel diameter in accordance with the instructions provided by the manufacturer for the use of Innova™ self-expanding stent. Although we decided stent sizes based on reference vessel diameters measured by intravascular ultrasound (IVUS) in patients with IVUS use (68%), we selected stent sizes based on reference vessel diameters measured by quantitative vessel angiography (QVA) in those without IVUS use. A final post-dilatation was performed with a balloon with a size equivalent to the distal vessel diameter. Balloon pre- and post-dilatation were considered to be necessary, according to the physician\'s judgment. Antiplatelet and anticoagulant regimens were used according to the physician\'s discretion based on the patient\'s condition.

Follow-Up
---------

Patients who underwent EVT for the treatment of FP lesions were asked to routinely visit the participating centers 1, 3, 6, and 12 months following EVT. At each visit, ischemic symptoms and the ankle-brachial index were evaluated, and duplex ultrasonography (DUS) was routinely conducted to evaluate patency. Angiography was performed by each doctor\'s discretion. Repeated revascularization was performed based on clinical symptoms and findings on DUS or angiography.

Endpoints
---------

The primary endpoint was one-year restenosis assessed by DUS or follow-up angiography, with a tolerance of ± 2 months. Restenosis was defined as the recurrence of ≥ 50% diameter stenosis determined by angiography or a peak systolic velocity ratio \> 2.4 determined by DUS. Requirement of any re-intervention or major amputation within one year was included in restenosis. Secondary endpoints included one-year major adverse limb event (MALE), thrombotic occlusion, stent fracture, perioperative major adverse event (MAE), post-procedural residual stenosis, edge dissection, and stent elongation. One-year MALE was defined as major amputation or any reintervention, including both surgical or endovascular re-intervention, within one year, whereas MAE was defined as 30-day all-cause mortality and MALE. The in-stent restenosis (ISR) following Innova™ implantation was classified into three classes by visual estimate on angiography: class I, the focal (≤ 50 mm in length) ISR group, included lesions at the stent body, the stent edge, or a combination of these sites; class II, the diffuse (\> 50 mm in length) ISR group, included lesions at the stent body and the stent edge; and class III, the totally occluded ISR group^[@bib12])^.

Statistical Analysis
--------------------

Data are represented as the mean and standard deviation for continuous variables or as percentages for dichotomous variables, unless otherwise mentioned. A *p* of \< 0.05 was considered statistically significant. The incidence of restenosis at one year in the overall population was calculated as *P*~MALE~ + (1 − *P*~MALE~) × *P*~Restenosis~, where *P*~MALE~ and *P*~Restenosis~ indicate the one-year MALE incidence rate in the overall population and one-year restenosis prevalence in the MALE-free subgroup, respectively. Since some patients completed the one-year follow-up without MALE but failed to undergo patency assessment at 12 ± 2 months, we estimated *P*~Restenosis~ based on the hypothesis that cases with missing data on patency are subject to the same risk as the observed cases, such as by Kaplan--Meier estimation. Therefore, *P*~Restenosis~ was calculated to be equal to the prevalence of restenosis in the population that completed the one-year follow-up without MALE and underwent patency assessment at 12 ± 2 months. The one-year incidence rate of MALE (i.e., *P*~MALE~), as well as that of thrombotic occlusion, was estimated using the Kaplan--Meier method. The 95% confidence intervals (CIs) of the endpoints were estimated by 10,000-times bootstrap resampling. The association of baseline characteristics with restenosis risk was assessed using the logistic regression model. Independent associations were explored by the multivariate logistic regression model, in which explanatory variables that were statistically significant in the univariate model were entered. All statistical analyses were performed by R version 3.1.0 (R Core Team, Vienna, Austria).

Results
=======

Patient and Lesion Characteristics
----------------------------------

Baseline characteristics of the study population are presented in **[Table 1](#T1){ref-type="table"}**. One-third of patients presented with critical limb ischemia. The mean lesion length was 18 ± 10 cm, and more than 50% patients were classified as TransAtlantic Inter-Society Consensus (TASC) II class C/D. Among 481 limbs of 453 patients, 96 (20%) did not exhibit MALE before the one-year assessment. Of the remaining cases, 63 limbs exhibited MALE within one year, whereas 322 were MALE-free. Of the 322 MALE-free lesions, 247 limbs (77%) underwent patency assessment at 12 ± 2 months, whereas 75 did not.

###### Baseline characteristics of study population

                                          Overall population   Patients with diabetes mellitus   Patients without diabetes mellitus   *P* value (Patients with versus without diabetes mellitus)
  --------------------------------------- -------------------- --------------------------------- ------------------------------------ ------------------------------------------------------------
  *n*                                     481                  295                               186                                  
  Male sex                                336 (70%)            208 (71%)                         128 (69%)                            0.76
  Age                                     74 ± 9               73 ± 9                            76 ± 9                               0.006
  Non-ambulatory status                   96 (20%)             62 (21%)                          34 (18%)                             0.48
  Diabetes mellitus                       295 (61%)            295 (100%)                        0 (0%)                               \< 0.001
  Regular dialysis                        129 (27%)            85 (29%)                          44 (24%)                             0.25
  Critical limb ischemia                  180 (37%)            120 (41%)                         60 (32%)                             0.067
  TASC II classification                                                                                                              0.066
      Class A                             83 (17%)             56 (19%)                          27 (15%)                             
      Class B                             123 (26%)            73 (25%)                          50 (27%)                             
      Class C                             135 (28%)            91 (31%)                          44 (24%)                             
      Class D                             140 (29%)            75 (25%)                          65 (35%)                             
  Distal reference vessel diameter (mm)   5.0 ± 1.0            4.9 ± 1.0                         5.2 ± 0.9                            0.002
      \< 5 mm                             195 (44%)            126 (47%)                         69 (40%)                             0.17
      (missing data)                      38 (8%)              25 (8%)                           13 (7%)                              0.61
  Chronic total occlusion                 259 (54%)            152 (52%)                         107 (58%)                            0.22
  PACSS classification                                                                                                                0.03
      Grade 0                             134 (28%)            73 (25%)                          61 (33%)                             
      Grade 1                             106 (22%)            65 (22%)                          41 (22%)                             
      Grade 2                             67 (14%)             41 (14%)                          26 (14%)                             
      Grade 3                             56 (12%)             36 (12%)                          20 (11%)                             
      Grade 4                             118 (25%)            80 (27%)                          38 (20%)                             
  In-stent restenosis                     25 (5%)              17 (6%)                           8 (4%)                               0.53
  Lesion length (cm)                      18 ± 10              18 ± 10                           17 ± 10                              0.51
      ≥ 25 cm                             140 (29%)            92 (31%)                          48 (26%)                             0.22
  Pre-dilatation                          461 (96%)            283 (96%)                         178 (96%)                            1.00
  Spot stenting                           111 (23%)            68 (23%)                          43 (23%)                             1.00
      (missing data)                      1 (0%)               1 (0%)                            0 (0%)                               1.00
  Post-dilatation                         399 (83%)            250 (85%)                         149 (80%)                            0.21
  Intravascular ultrasound use            328 (68%)            200 (68%)                         128 (69%)                            0.84
  1-year dual antiplatelet therapy        249 (52%)            158 (54%)                         91 (49%)                             0.35
  1-year cilostazol treatment             170 (35%)            103 (35%)                         67 (36%)                             0.84

One-Year Clinical Outcomes
--------------------------

**[Fig. 1](#F1){ref-type="fig"}** shows the post-procedural, perioperative, and one-year clinical outcomes. The one-year incidence of restenosis in the overall population was estimated to be 36% (95% CI: 31%--42%), whereas one-year MALE was observed in 18% (95% CI: 14%--22%) patients, indicating that MALE occurred in approximately half of the cases of patients with restenosis. Regarding ISR classification, 42% were class I (focal ISR), 28% class II (diffuse ISR), and 30% class III (totally occluded ISR).

![Post-procedural, perioperative, and one-year clinical outcomes\
Error bars represent 95% confidence intervals.](jat-26-847-g001){#F1}

**[Table 2](#T2){ref-type="table"}** represents the logistic regression analysis of predictors for one-year restenosis. The restenosis risk was not significantly different between patients with critical limb ischemia and those with intermittent claudication (odds ratio: 1.18 \[95% CI: 0.73--1.90\]; *P* = 0.49); the estimated one-year restenosis rate was 37% (95% CI: 28%--46%) and 36% (95% CI: 30%--42%), respectively. The presence of diabetes mellitus, small distal reference vessel diameter, spot stenting, and lack of one-year cilostazol treatment were identified as independent risk factors for one-year restenosis. The accumulation of these four risk factors was associated with an increased risk of one-year restenosis (**[Fig. 2](#F2){ref-type="fig"}**).

###### Risk factors associated with 1-year restenosis

                                             Unadjusted OR           Adjusted OR
  ------------------------------------------ ----------------------- -----------------------
  Male sex                                   0.49 \[0.30--0.81\]\*   0.73 \[0.41--1.30\]
  Age (per 10 years)                         1.05 \[0.81--1.36\]     \-\--
  Nonambulatory status                       1.35 \[0.72--2.52\]     \-\--
  Diabetes mellitus                          1.81 \[1.12--2.91\]\*   1.83 \[1.07--3.13\]\*
  Regular dialysis                           0.97 \[0.58--1.61\]     \-\--
  Critical limb ischemia                     1.18 \[0.73--1.90\]     \-\--
  TASC II classification (vs. class A)       1.00 (Ref)              \-\--
      Class B                                0.90 \[0.43--1.85\]     \-\--
      Class C                                0.93 \[0.46--1.89\]     \-\--
      Class D                                1.53 \[0.77--3.05\]     \-\--
  Distal reference vessel diameter \< 5 mm   2.36 \[1.45--3.85\]\*   1.86 \[1.09--3.16\]\*
  Chronic total occlusion                    1.16 \[0.74--1.83\]     \-\--
  PACSS classification                       1.04 \[0.90--1.20\]     \-\--
  In-stent restenosis                        3.09 \[1.03--9.28\]\*   2.51 \[0.73--8.64\]
  Lesion length ≥ 25 cm                      1.98 \[1.21--3.22\]\*   1.75 \[1.00--3.09\]
  Predilatation                              0.91 \[0.31--2.68\]     \-\--
  Spot stenting                              2.74 \[1.60--4.68\]\*   2.27 \[1.27--4.06\]\*
  Postdilatation                             0.97 \[0.53--1.79\]     \-\--
  Intravascular ultrasound use               0.63 \[0.38--1.03\]     \-\--
  One-year dual antiplatelet therapy         1.41 \[0.90--2.22\]     \-\--
  One-year cilostazol treatment              0.62 \[0.38--1.00\]\*   0.58 \[0.33--1.00\]\*

Data are odds ratios and their 95% confidence intervals. Asterisks indicate *p* \< 0.05.

![Increased one-year restenosis risk in subgroups with accumulated risk factors\
The risk factors were as follows: 1) diabetes mellitus, 2) distal reference vessel diameter \< 5 mm, 3) spot stenting, and 4) lack of one-year cilostazol administration (see [Table 2](#T2){ref-type="table"}). Error bars represent 95% confidence intervals.](jat-26-847-g002){#F2}

Discussion
==========

The current study demonstrated one-year clinical outcomes following Innova™ implantation for the treatment for FP lesions, including challenging cases as observed in clinical practice in real-world settings. The one-year incidence of restenosis in the overall population was 36%, whereas one-year MALE was observed in 18% patients. The presence of diabetes mellitus, a small distal reference vessel diameter, spot stenting, and the lack of cilostazol administration were identified as independent risk factors for one-year restenosis. The one-year restenosis rate in lesions without these risk factors was 12%, whereas it was 53% in those with ≥ 3 risk factors. To the best of our knowledge, this is the first study to investigate clinical outcomes and associated risk factors following Innova™ implantation for the treatment of FP lesions in a real-world setting.

EVT is a widely used techniqueand has been recognized as a common treatment for PAD^[@bib1]--[@bib3])^. The patency rate of the FP artery has reportedly improved through the use of the self-expanding nitinol stent, and the clinical outcome and patency rate of the nitinol stent has already been reported^[@bib8]--[@bib10],\ [@bib13])^. The Innova™ stent became available in 2016 as a new self-expanding nitinol stent for the treatment of FP lesions in Japan. The Innova™ stent has a hybrid cell structure comprising closed-cell ends for deployment stability and uniformity and an open-cell center for flexibility and fracture resistance. Furthermore, we expect more precise positioning during stent implantation due to tantalum markers of the stent edge for improved visibility and the non-flared stent edge for reduced jumping. Owing to its structure, the Innova™ stent is expected to prevent vessel collapse and provide stability and a radial force for treatment of complex FP lesions. In the current study, TASC C/D and severely calcified lesions, which have been generally reported as risk factors for loss of patency in previous reports^[@bib14]--[@bib16])^, were not found to be predictive factors for one-year restenosis. Based on these results, the Innova™ stent can be considered to be suitable for complicated cases.

The SuperNOVA study reported clinical outcome results following Innova™ stent implantation; the primary patency rate at one year was 66.4% for the full stent length matrix^[@bib11])^. Compared to those in the SuperNOVA study, the frequencies of critical limb ischemia, diabetes mellitus, maintenance dialysis, TASC II class C/D lesions, and chronic total occlusion lesions were higher, and the lesion length was longer in the current study. Given that the patient characteristics and lesion characteristics were worse in this study than in the SuperNOVA study, the one-year incidence rate of restenosis in this study can be considered acceptable. Furthermore, previous reports regarding other self-expanding nitinol stents for the treatment of FP lesions showed that primary patency rates at one yearC after stent implantation were 81%--82% for S.M.A.R.T. stent™, 74% for Luminexx stent™, 70%--87% for Misago stent™, and 81% for Lifestent™ ^[@bib16]--[@bib21])^. In this study, the incidence of restenosis following implantation of the Innova™ stent was 36% at one year, which was worse than the incidence rates that have been reported following the use of other self-expanding nitinol stents for the treatment of FP lesions. This discrepancy could be attributed to the severity of the condition of the current study population. The current study included more complex lesions to reflect the cases observed in real-world settings, which may have led to a lower patency rate.

Risk analysis revealed that diabetes mellitus was independently associated with future restenosis. This finding was consistent with that of previous studies. There is a general agreement that diabetes mellitus is a significant risk factor for the development of PAD^[@bib22])^. Furthermore, diabetes mellitus was considered as one of the significant risk factors for loss of patency after FP intervention^[@bib23],\ [@bib24])^. The current study demonstrated that diabetes mellitus was similarly a risk factor for restenosis following Innova™ stent implantation for the treatment of FP lesions. Thus, it is necessary to closely follow-up patients with PAD suffering from diabetes mellitus for a long term.

The distal reference vessel diameter was another independent predictor of restenosis. The findings of the study indicate that a smaller vessel would be subject to poorer stent patency. Previous reports regarding the relationship between clinical outcomes and vessel size in EVT for the treatment of FP lesions have reported that a small reference vessel diameter, especially a vessel diameter ≤ 4 mm, is associated with poor EVT outcomes^[@bib25])^. One possible explanation for this observation is that the small reference vessel diameter itself is related to poor EVT outcomes, and another explanation is that a small vessel diameter relative to the stent diameter exacerbates EVT outcomes due to increased intramural stress from the stent, causing early restenosis by triggering neointimal hyperplasia. Therefore, if possible, it may be beneficial to perform balloon angioplasty and avoid Innova™ stent implantations for the treatment of FP lesions with a small reference vessel diameter.

Spot stenting was also identified as one of the risk factors for restenosis in the current study; however, the reason was unclear. Previous reports have revealed that primary implantation of self-expanding nitinol stents in the FP artery, especially in moderatelength lesions, is associated with better acute angiographic results and better patency than those with seen balloon angioplasty alone^[@bib8],\ [@bib26])^. Therefore, it was speculated that spot stenting leads to worse clinical outcomes than full covered stenting because the lesions with only balloon angioplasty in the spot stenting group might occur restenosis more frequently.

The other risk factor for restenosis was the lack of one-year cilostazol treatment. This result was similar to that in reported by previous studies^[@bib27]--[@bib30])^. Based on this result, it may be beneficial to continue cilostazol treatment after Innova™ stent implantation for as long as possible.

Study Limitations
-----------------

The present study had several limitations. First, the current study included only Japanese patients, and thus, the results should be confirmed in other ethnic groups. Second, this study was not designed to compare the efficacy of Innova™ implantation with that of other treatments. It remains to be studied whether Innova™ implantation is superior to other treatments in real-world settings. Third, the observation period was only one year, and the treatment results thereafter in the chronic phase are unknown. Fourth, the assessment of restenosis by angiography and DUS was not conducted by the core laboratory. Fifth, although spot stenting was a risk factor for restenosis, the detail of the methods used for spot stenting are ambiguous. The stenting strategy was chosen by the operators\' discretion. Further investigation is warranted.

Conclusion
==========

The current study demonstrated one-year clinical outcomes following Innova™ self-expanding nitinol stent implantation for the treatment of FP lesions, including challenging cases in real-world settings. The Innova™ stent system demonstrated acceptable clinical outcomes.
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